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© Metal-organic substrate adhesion is improved by 
irradiating the substrate with low energy reactive 
ions, electrons, or photons to alter the chemical 
composition of a surface layer of the substrate to a 
depth of from about 1 nm to a few tens of nano- 
meters. The energy of the incident reactive ions and 
electrons can be in the range of about 50 to 2000 
eV, while the energy of the incident photons can be 
in the range of about 0.2 -500 eV. Irradiation of the 
substrate can occur prior to or during metal deposi- 
tion. For simultaneous metal deposition/particle irra- 
diation, the arrival rates of the metal atoms and the 
substrate treatment particles are within a few orders 
of magnitude of one another. The low energy irradia- 



tion can be conducted at room temperature or ele- 
vated temperatures. 
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A METHOD OF METALLISING AN ORGANIC SUBSTRATE SO AS TO ACHIEVE IMPROVED ADHESION OF 

THE METAL 



This invention relates to a method of metal- 
lising an organic substrate so as to achieve im- 
proved adhesion of the metai to the substrate. 

The metallisation of organic substrates, such as 
plastics materials, is becoming increasingly impor- 
tant especially in the electronics field. Most pack- 
aging approaches require metallisation to be ap- 
plied to organic (polymer) substrates, for example, 
copper on polyimide. In the prior art, copper has 
been deposited by a number of techniques, includ- 
ing plating, .vacuum evaporation, and sputtering. 
Often, chemical conditioning of the substrate sur- 
face is utilised prior to deposition in order to obtain 
better adherence of the metal film to the substrate. 
However, poor adhesion between the metai and the 
organic substrate is a major problem. 

Many approaches have been tried to enhance 
adhesion between metal films and organic sub- 
strates, with varying degrees of success, in some 
situations, metals are matched with particular re- 
sinous substrates where it has been determined 
that adherence therebetween is superior to other 
metal-substrate combinations. Still other situations 
use extensive pre-cleaning of the substrates prior 
to metal deposition in order to remove contamin- 
ants and roughen the substrate surface- In many of 
these methods, expensive and/or toxic chemical 
substances are employed, which is a further dis- 
advantage. 

Other techniques utilise glow discharges or 
plasma discharges to affect the polymer surface 
prior to metai deposition. Examples of the use of a 
glow discharge to enhance adhesion are found in 
US-A-4,1 65,394 and 4,250,225. This type of tech- 
nique is also described by L R Yetter in IBM 
Technical Disclosure Bulletin, Vol 16, No 7 r page 
2845, December 1973. In glow discharge tech- 
niques, a brush or glow discharge is created by 
introducing residual gases into a vacuum chamber 
and applying a high voltage in order to create ions 
which activate the polymer substrate surface. Ex- 
amples of the gases which can be introduced into 
the vacuum chamber include air, oxygen, nitrogen, 
helium, neon, argon, krypton, xenon, and radon. 
After the glow discharge activation, fhe metai film 
is deposited by techniques such as electroless 
plating, vacuum deposition and sputtering. 

Another technique for enhancing adhesion be- 
tween m tai films and organic substrates is plasma 
treatment of the substrates. This technique is very 
similar to the aforementioned giow discharge tech- 
nique and is described in, for example US-A- 
4,337,279 and US-A-4,382,1 01 . It is also described 
in an abstract of Japanese patent J55099932. In 



this technique, the organic substrate is placed in a 
plasma reactor, where the plasma is produced by 
the introduction of a gas such as helium, argon, 
CF 4 , &Fa. C*F„ CHF 3l carbon fluoride, nitrogen or 

5 oxygen. Plasma treatment of the substrate occurs 
for varying periods of time measured from minutes w 
to several hours. 

Another treatment process for enhancing 
metal-organic substrate deposition is the use of „ 

70 high energy ion beams. Examples of this technique 
are described by J E Griffith et al, Nuclear Instr 
and Methods. 198, 608 (1982) and in papers pre- 
sented by J Baglin et ai at the Materials Research 
Society Meeting, Boston, Mass. November 14 to 17 

75 1983. in ion beam enhanced adhesion, a high 
energy beam of ions is incident upon the organic 
substrate prior to deposition of a metal layer. For 
example, copper can be deposited on polymer 
substrates by electron beam deposition, after high 

20 energy ion irradiation of the substrates. In this 
procedure, both reactive and inactive ions can be 
used, and the ion beam energy ranges upwards 
from about 200 keV. 

While some degree of success had been re- 

25 corded for these techniques to* enhance adhesion, 
each such technique is not without difficulties. For 
example, piasma and glow discharge techniques 
offer very poor control, of ion energy and current, 
ambient gas pressure, substrate temperature, etc. 

30 Also, it is very difficult to obtain good control of the 
energy beam flux in plasma and glow discharge 
systems. These systems require high pressures, of 
the order of 133 Pascals (1 torr) which corresponds 
to 1 x 10" gas atoms/cm a -sec, in order to maintain 

35 the discharge. These rates aiso cannot be readily 
matched with metai evaporation rates, and evap- 
oration cannot be carried out at- such high pres- 
sures- This in turn means that metal deposition has 
to be by plasma sputtering, rather than any other 

40 technique. Further, in plasma and glow discharge 
systems, there is very poor control over the in- 
cident ion beam direction as the ions strike the 
substrate surface, it is aiso the situation that the 
purity of residual gas control in such systems is 

45 not well controlled and is often sufficiently high that 
contamination can easily occur. 

High energy ion beam enhancement of adhe- 
sion is also not without problems. Such systems 
are costly and require complicated apparatus to 

so produce the high energy, focussed ion beam. The 
nature of the ion beam makes it impossible to be 
able to process large substrate areas simultaneous- 
ly, and therefore is not readiiy suitable for high 
throughput in commercial systems. Further, high 
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energy ion beams can cause damage to the or- 
ganic substrate and require large amounts of pow- 
er. It is also extremely difficult to make large, high 
energy ion beams with the proper flux and power 
over a large area. 

Wet processing steps, such as chemical steps, 
are also difficult to control and often require toxic 
or otherwise offensive solutions. When chemical 
cleaning is used, there is always a later exposure 
of the substrates to the environment, and therefore 
possible contamination can occur. In general, it is 
preferable to have a completely dry processing 
system for both surface preparation and metal de- 
position. 

This invention seeks to provide a simple tech- 
nique for obtaining improved metal organic sub- 
strate adhesion, and which is suitable for use in 
commercial manufacturing processes. 

The invention provides a method of metallising 
an organic substrate so as to achieve improved 
adhesion of the metal, comprising irradiating a sur- 
face of the substrate with low energy particles, said 
particles being either 

(a) reactive ions or electrons having energies in 
the range of about 50 to 2000 eV, or 

(b) photons having energies in the range of 
about 0.2 to 500 eV, the surface being subjected to 
said irradiation until the chemical composition of 
the substrate is altered due to said irradiation to a 
depth of approximately 1 to 30 nm from said sur- 
face, and depositing metal onto the irradiated sur- 
face at an initial rate of approximately 0.1 to 10 nm 
per sec. 

This technique for enhancing metal-organic 
substrate adhesion uses low energy reactive ion, 
electron, or photon irradiation of the organic sub- 
strate in order to alter the surface chemistry of the 
substrate to a depth from about 1 nm to a few tens 
of nanometers, so that enhanced adhesion between 
the metal and the substrate will occur. The energy 
of the irradiated particles is about 50 to 2000 eV 
and preferably about 200 to 500 eV. In this tech- 
nique, the dominant mechanism for adhesion is an 
alteration of the surface chemistry of the substrate, 
rather than a rearrangement of the surface atoms 
and molecules. For this reason, it is distinguished 
from the high energy ion beam techniques de- 
scribed hereinabove, which physically alter the 
atomic arrangement in th«e surface of the substrate. 
In further distinction with the high ion beam energy 
techniques of the prior art, the present invention 
will not work with inert ions. Still further, the 
present invention can use electrons and photons as 
incident particles. Since these particles have negli- 
gible mass, momentum transfer is not the dominant 
mechanism for the changes which occur; instead 
these particles are used to alter the surface chem- 



istry. This further distinguishes the present tech- 
nique from the prior art high energy ion bombard- 
ment techniques wherein momentum transfer is a 
dominant mechanism. 

5 The low energy particle irradiation can occur 

prior to metal deposition, or simultaneously with 
metal deposition. If particle irradiation occurs si- 
multaneously with metal deposition, the arrival 
rates of the metal atoms and the particles are 

70 adjusted to be comparable, at least within about 2 
orders of magnitude of each other. Only by con- 
trolled energy beam irradiation can the relative 
impingement rate of the energy beam and the 
metal atoms be provided with significant dynamic 

75 range to achieve optimum adhesion. 

Many types of metals can be deposited on the 
organic substrates including, for example, Ni, Cu, 
Ti, Cr, Al, Mo W, Rh, Pt and Pd. The substrates are 
organic materials including plastics, polyimide, 

20 polyesters, Teflon (a trademark of E .! duPont de- 
Nemours), Mylar (also a trademark of E I duPont 
deNemours), and epoxies. Typically, the substrates 
are organic polymers. The reactive ion species 
which can be used include many different ions, 

25 such as F, CI, S, O, N, CF„ CCL, CO and H. 

Substrate irradiation and metal deposition can 
occur over a range of temperatures, including room 
temperature and elevated temperatures. Comm r- 
cially available ion. sources can be used to provide 

30 low energy ion beams, and the metal deposition 
step is also a dry processing step, such as sputter- 
ing or evaporation. 

How the invention can be carried out will now 
be described by way of example, with reference to 

35 the accompanying drawings, in which:- 

Figure 1 schematically illustrates an apparatus 
for carrying out the present invention; and 

Figure 2 is a spectrum of a polyimide surface 
produced by ultraviolet photoemission spectro- 

40 scopy, which indicates the change in surface 
chemistry of the polyimide after irradiation by low 
energy reactive ions in accordance with the present 
invention. 

In putting this invention into practice, low en- 
45 ergy beams are used to alter the surface chemistry 
of a thin layer at the surface of the organic sub- 
strate onto which metal is to be deposited. The 
particles which can be used to irradiate the organic 
substrate are reactive ions, electrons, and photons, 
so having energies in the appropriate range. For ex- 
ample, the reactive ions and electrons can have 
energies in the range 50 to 2000 eV, with preferred 
particle energies being in the range 200 to 500 eV. 
The energy range suitable for photons is about 0.2 
55 eV to 500 eV, with the preferred range being 0.5 to 
10 eV. Infrared radiation will provide photons hav- 
ing eniergies of about 0.2 eV and greater, while 
ultraviolet radiation will provide photons having en- 
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ergies of about 2 to 10eV. In the practice of this 
invention, the surface chemistry of the organic sub- 
strate is modified to a depth of a few tens of 
nanometers, and in particular about 1 to 30 nm. 
Low energy particle irradiation of the substrate can 
occur prior to or during metal deposition. 

During the low energy particle bombardment 
chemical bonds in the organic substrate are broken 
and altered and/or the surface of the substrate is 
heated. Parameters important for adhesion, such as 
the rate of metal deposition, are closely correlated 
to the rate of arrival of the low energy particles in 
order to adjust the relative impingement rates to 
achieve optimum adhesion. The dominant mecha- 
nism for enhancing adhesion is a chemical one in 
which the chemical activity of the surface layer of 
the substrate is altered by the low energy particle 
irradiation. Any physical rearrangement of atoms 
and molecules in the substrate occurs only to a 
very small degree, and is not a significant mecha- 
nism in producing enhanced adhesion. 

It is the initial deposition of the metal onto the 
substrate which is important for adhesion. Once 
approximately 30 mn of continuous metal film are 
formed on the surface of the substrate, the metal 
deposition rates can be increased without affecting 
metal substrate adhesion. Typically, the metal is 
initially deposited at rates of from 0.1 io 10 nm/sec, 
corresponding to 10* to 10 17 . atoms/cm 2 -sec. The 
particle flux of the incident reactive ions, electrons, 
or photons, in the radiation beam are of this order 
to provide enhanced metal-substrate adhesion. 

Particle irradiation can occur at room tempera- 
ture, or at elevated substrate temperatures. For 
significantly enhanced metal-substrate adhesion, 
the teachings of co-pending European application 
number 86300070-9 can be incorporated to provide 
optimum substrate temperatures. Further, the angle 
of incidence of the low energy particles is not 
critical, except that very shallow grazing angles - 
(less than about 10 to 20°) will not have a signifi- 
cant effect on the chemistry of the surface layer of 
the substrate within reasonable periods of time. For 
angles with incidence greater than grazing angles, 
and especially with the common practice of using 
near normal incidence, substrate irradiation with 
low energy reactive ions, electrons, or photons can 
occur over time periods ranging from minutes to 
serveral hours in order to chemically activate the 
substrate. 

At least two modes of operation can be under- 
taken. In the first the substrate surface is irradiated 
with reactive ions, electrons, or photons to after the 
surface chemistry in the substrate. After irradiation 
with these low energy particles for a sufficient 
period of time to provide surface chemistry alter- 
ation to a depth in the substrate of about 30 nm or 
less, the irradiation is stopped. After this, the metal 



film is deposited using a dry process such as 
evaporation or sputtering. Deposition of the metal 
can occur in the same vacuum chamber as that in 
which the low energy particle irradiation occurs, in 

5 order to minimise contamination and to achieve the 
total in-situ processing. 

In a second mode of operation, low energy 
particle irradiation occurs slightly prior to (optional) 
and during metal deposition. In this process, the 

70 incident reactive ions, electrons, or photons have 
the same effect as in the first mode of operation, 
that is, they modify the surface chemistry of the 
organic substrate. In order to optimise adhesion in 
this second mode of operation, the energy beam 

75 must combine properly with the metallisation beam 
and for this reason the arrival rates of the low 
energy particles are comparable (Le within one or 
two orders of magnitude) to the arrival rates of the 
metal atoms. THis is easily accomplished with a 

20 controlled ion beam source, an electron beam 
source or a photon source. For example, for initial 
metal deposition rates of 0.1 to 10nm/sec, 10*-1 0 1T 
atoms/cm 3 -sec, are corresponding particle fluxes. 
Accurate control of the low energy particle 

25 fluxes in relation to the metal deposition rate for the 
initial phases of metal deposition is extremely im- 
portant as emphasised in the previous paragraph. 
As a follow-on to an earlier discussion, such control 
of fluxes cannot be obtained using plasma or glow 

30 discharge systems for energy beam impingement 
of a substrate. Those systems require high pres- 
sures of the order of 133 Pascals (1 torr), which 
corresponds to about 10 21 gas atoms/cm 2 -sec, in 
order to maintain the discharge- These rates will 

35 domirpte all other rates in the system. Further- 
more, these rates cannot be matched with metal 
evaporation rates which must be fairly slow during 
the initial formation of the metal layer on the sub- 
strate. Also, metal evaporation cannot be carried 

40 out at such high pressures. 

Any type of metal can be deposited by sputter- 
ing or evaporation in-situ after or during low energy 
impingement of the organic substrate. In the prac- 
tice of this invention, the low energy particles are 

45 either reactive ions, electrons or photons. The or- 
ganic substrates include all types of polym r ma- 
terials, including plastic, epoxies, poiyimide, poly- 
esters. Teflon and Mylar. These organic materials 
can be layered onto glasses, semiconductors, ce- 

so ramies, or insulators. Further, the substrate can be 
made up of laminations of polymer-type materials. 

The low energy particles suitable for altering 
the surface chemistry of the organic substrate in 
accordance with the present invention include all 

55 types of reactive ions, as well as electrons and 
photons. Suitable examples of reactive ions include 
O, N, CI, CF*. CC!«, CO, H, F and S. In general, the 
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low energy particles are those which will react with 
the material of the substrate to produce chemical 
changes in the first few tens of nanometers of the 
substrate. 

The adhesion of any metal to the organic sub- 
strate is enhanced by the practice of this invention. 
However the enhancement of adhesion will vary in 
degree with the metal and substrate combination 
that is chosen- For example, the adhesion of Cu on 
polyimide is significantly enhanced by reactive 
* oxygen or nitrogen treatment of the polyimide, im- 

proving adhesion by a factor of 10 or more, in 
another example, reactive ion treatment of 
polyimide improves the adhesion of Cr thereto, and 
also minimises stress between the Cr and the 
polyimide. This also aids adhesion and yields a Cr- 
polytmide structure having a significantly greater 
pee! strength. 

It appears that the chemistry of the organic 
substrate is modified sufficiently that metastable 
compounds can be formed in the surface of the 
substrate when the metal atoms impinge on the 
substrate. These metastable compounds are not 
those which can be formed by simple heating, as 
by annealing the substrate. This change in the 
chemistry of the metal-substrate interface improves 
adhesion and lessens stress between the deposited 
metal film and the substrate, perhaps by controlling 
the microstructure of the metal-substrate interface. 

Figure 1 schematically illustrates an apparatus 
which is suitable to practice the present invention. 
The apparatus includes a vacuum chamber 10 in 
which is located an ion source 12 and an evaporant 
source 14. placed in a holder 16. A substrate 
holder 18 supports a substrate 20. Output port 22 
can be connected to a vacuum pump (not shown) 
in order to adjust the pressure within chamber 10. 
Although it is not shown in detail, the ion source 
would include an input port for providing gases, 
such as oxygen and nitrogen, to the ion source. Ion 
beam sources are well known in the art and a 
suitable one is a Kaufman-type ion source such as 
those described in US-A-4,259,145 and by H R 
Kaufman et al, J Vac Sci Tech 21(3), page 925, 
September/October 1982. This type of source pro- 
vides a uniform flux of ions over a large area, and 
can be easily controlled to provide low energy ions 
having energies in the range of about 50 to 2000 
eV. 

In Figure 1, the dashed lines 24 indicate the 
ions which are directed to the substrate 20, while 
the dashed lines 26 indicate the vapourised metal 
which deposits upon substrate 20. 

In practice, the required gases are introduced 
through a typical metering system into the ion 
source 1 2 at the required flow rate for sustaining a 
discharge in the ion source. Once the discharge is 
established, ' the ion beam is energised at a low 



energy, 50 to 2000 eV. These ions are accelerated 
to the substrate in order to modify its surface 
chemistry. Either simultaneously with the ion beam 
or after ion treatment of the substrate, metal can be 

5 deposited. 

The apparatus of Figure 1 can be modified 
slightly if electrons or photons are used to change 
the surface chemistry of the substrate. Any type of 
photon source with the proper energy range, such 

70 as a laser or a flash lamp, can be. used although 
lasers aFe preferred. The electron source can be a 
commercially available source where the electron 
source is located in the vacuum chamber. Thus, 
the source 12, in its broadest sense, represents a 

75 reactive ion source, a photon source, or an electron 
source. 

Figure 2 illustrates the effect of the low energy 
particle irradiation on the organic substrate. In this 
figure, photoemission spectroscopy is used to 

20 show the spectrum of photoemitted electrons N(E) 
as plotted against the electron binding energy (eV). 
Three different curves A, B, and C are shown. 
Curve A illustrates the spectrum obtained from a 
polyimide film which has been annealed, but un- 

25 treated by reactive ions. Curve B illustrates the 
change in surface chemistry of the polyimide film 
when it has been irradiated by reactive oxygen 
ions. Curve C indicates the effect of post-annealing 
on the oxygen ion irradiated polyimide, and in- 

30 dicates that the post-annealing step shifts the en- 
ergy spectrum so that it is more similar to the 
original spectrum (A). 

Figure 2 indicates the number of electrons N- 
(E) emitted from the polyimide due to the inci- 

35 dence of photons having an energy of 40.8 eV and 
shows a significantly different spectrum in curve B. 
This spectrum indicates the change in surface 
chemistry of a shallow surface layer of the 
polyimide, indicating that reactive oxygen ion bom- 

40 bardment has altered the surface chemistry of the 
polymide. It is this alteration of the surface chem- 
istry which leads to increased adhesion and re- 
duced stress in metals deposited on the polyimide. 
The following examples will demonstrate the 

45 use of low energy reactive ions, electrons or pho- 
tons to improve metal-substrate adhesion. 

EXAMPLE 1 

so The adhesion between copper films and 

polyimide was increased by bombarding a 
polyimide surface with a low energy oxygen or 
nitrogen ion beam prior to deposition of copper. 
Adhesion improved by a factor of 1 0 or more. The 

55 deposition and ion treatment were performed in an 
electron beam evaporator having a Kaufman-type 
ion beam source installed inside the processing 
chamber. This allowed in-situ bombardment fol- 
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lowed by copper deposition onto the treated 
poiyimide surface, where the substrate always re- 
mained within the processing chamber. Nitrogen 
and oxygen were introduced through, a metering 
system into the ion source at the required flow rate 
for sustaining a glow discharge. Once the di- 
scharge is established the beam is energised at a 
low energy, in this example at 50 to 500 eV. The 
ions were accelerated to the substrate coated with 
poiyimide for a sufficient amount of time to allow 
thorough treatment of the poiyimide. This can 
range from minutes to a couple of hours. Once the 
surface was modified, the copper was deposited. 

Conventional peel testing was undertaken on a 
tensile strength tester, yielding the following mini- 
mum values: 

Adhesion of Cu to poiyimide (untreated) -3 gm/mm 

Adhesion of Cu to poiyimide (O* ion treated) £ 35 
gm/mm 

Adhesion of Cu to poiyimide (N* ion treated) £ 30 
gm/mm 

EXAMPLE 2 

Copper was again deposited on poiyimide. The 
poiyimide was spun onto an aluminium-covered 
silicon wafer. Reactive nitrogen and oxygen ion 
bombardment was carried out in-situ prior to the 
copper deposition using a standard sputter ion gun 
at 250 eV in an oxygen or nitrogen partial pressure 



of 0.027 to 0.04 Pascals (2 to 3 x 10"* torr). The 
ion beam current density was of the order of a 
microamp/cm 3 for one hour. After this treatment, a 
copper layer 8 microns thick was deposited onto 

s the treated poiyimide surface. 

Surface anaiysis prior to copper deposition 
showed that the reactive ion bombardment 
changed the composition of the poiyimide surface. 
X-ray photoemission spectroscopy revealed that ni- 

w trogen or oxygen incorporated into the poiyimide 
by ion bombardment was in a different chemical 
state than the corresponding atomic species al- 
ready present in the untreated poiyimide. Ultra- 
violet photoemission spectroscopy also showed va- 

rs lence state chemical bonding changes. These ob- 
servations, as well -as the absence of adhesion 
improvement for inert gas ion (Ar) bombardment, 
demonstrated that the enhanced adhesion isare- 
suft of chemical activation of the poiyimide surface. 

20 

EXAMPLE 3 

The following table shows the results of various 
pre-treatment steps in the preparation of polyimid 

25 or Kapton™ substrates. All pre-treatment steps oc- 
curred at room temperature. At higher tempera- 
tures, the adhesion increased. From the table, it is 
apparent that oxygen ion and nitrogen ion pre- 
treatments of poiyimide significantly improve the 

30 adhesion, while other pre-treatment steps, such as 
argon ion bombardment and KOH etching, do not 
significantly improve adhesion. 
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TABLE 



Sample 



Pre-Treatment 



Composition 
C : N ; O 



Adhesion/Strength 
gins /nun 



As prepared 



8.2 1.0 1-7 



None 



Argon-sputtering 19.2 1.0 0.9 



None 



KOH-Etching 



23.2 1.0 6.6 



0.211 0.238 



0 - Sputtering 9.3 1.0 1-2 



1.27 1.41 



N - Sputtering 5.3 1.0 0.6 



1.63 1.09 



Evap on Kapton 9.3 1.0 4.4 



4.57 2.88 



In the practice of this invention, low energy 
reactive ions, electrons, and photons are used to 
alter the surface chemistry of a thin layer of an 30 
organic substrate in order to promote increased 
adhesion between the substrate and a metal layer 
deposited thereon. It is important that the energy of 
the incident particles (reactive ions, electrons, and 
photons) be less than about 2000 eV, and that the 35 
incident particles are those which will alter the 
surface chemistry of a thin surface region of the 
substrate. This chemistry is altered to a depth of 
approximately 30 nm or less. Still further, if the 
particle treatment occurs simultaneously with the ^ 
metal deposition, the arrival rates of the metai 
atoms and the reactive ions, electrons, or photons 
must be within about one or two orders of mag- 
nitude of each other so that maximum chemical 
alteration and mixing can occur at the metal-sub- 45 
strate interface. Until a continuous film of metal is 
established on the surface of the substrate, metai 
atom arrival rates are chosen to be less than about 
10 nm/sec. 

50 

Claims 

1 . A method of metallising an organic substrate 
so as to achieve improved adhesion of the metal, 55 
comprising irradiating a surface of the substrate 
with low energy particles, said particles being ei- 
ther 



(a) reactive ions or electrons having energies in 
the range of about 50 to 2000 eV; or 

(b) photons having energies in the rang of 
about 0.2 to 500 eV, 

the surface being subjected to said irradiation until 
the chemical composition of the substrate is altered 
due to said irradiation to a depth of approximately 
1 to 30 nm from said surface, 

and depositing metai onto the irradiated surface at 
an initial rate of approximately 0.1 to 10 nm per 
second. 

2. A method as claimed in claim 1 , in which the 
metal is deposited by vacuum deposition or sput- 
tering. 

3. A method as claimed in claim or claim 2, in 
which the metal is deposited at room temperature. 

4. A method as claimed in claim 1 or claim 2, 
in which the substrate is a polymer and in which 
the metal is deposited at a temperature greater 
than room temperature but less than the curing 
temperature of the polymer. 

5. A method as. claimed in claim 4, in which the 
substrate consists of polymide, polyester, Mylar, 
Teflon or epoxy. 

6. A method as claimed in any preceding 
claim, in which the irradiation occurs prior to the 
deposition of the metal. 
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7. A method as clamed in any of claims 1 to 5, 
in" which the irradiation and the metal deposition 
occur simultaneously at least until a continuous 
metal film is formed on said substrate surface, the 
rates of arrival at said substrate surface of sad low 
energy particles and atoms of said metal being 
within approximately 2 orders of magnitude of one 
another. 

8. A method as claimed in any preceding 
claim, in which the irradiation occurs with a particle 
flux of about 10 1S -10 17 particles/cm 2 -sec. 

9. A method as claimed in any preceding 
claim, in which the irradiation is with reactive ions 
or electrons having energies in the range of about 
200 to 500 eV. 



10. A method as claimed in any of claims 1 to 
8, in which the irradiation is with photons having 
energies in the range of about 0.5 to 10 eV. 

11 .A method as claimed in any preceding 
5 claim, in which the metal consists of Ni, Cu, Ti, Al, 
Cr, Mo, W, Rh, Pt or Pd. 

12. A method as claimed in claim 11, in which 
the irradiation is with ions of O, N. S, F, CI, CF 4 „ 
CCU. CO, or H. 
to 13. A method as claimed in any preceding 

claim, in which the substrate consists of polyimide, 
the substrate surface is irradiated with low energy 
oxygen or nitrogen ions and copper is deposited 
on the irradiated substrate surface. 
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